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DESCRIPTION 
HEAT EXCHANGER OF PLATE FIN AND TUBE TYPE 

Technical Field 

The present invention relates to a heat exchanger of 
plate fin and tube type in which a fin attached onto the 
outer periphery of a heat exchanger tube is formed with a 
cut-raised portion for providing enhanced heat exchange 
efficiency. 

Background Art 

A plate fin and tube type heat exchanger which 
comprises a plurality of fins stacked while leaving a given 
space therebetween, and a plurality of heat exchanger tubes 
penetrating the fins in the stacking direction, is widely 
used, for example, as a condenser or evaporator for air- 
conditioners. For example, this type of heat exchanger is 
designed to perform a heat exchange between a first working 
fluid, such as water or chlorof luorocarbon, allowed to flow 
inside the heat exchanger tubes, and a second working fluid, 
such as air, allowed to flow outside the heat exchanger 
tubes or the spaces between the stacked fins, through the 
heat exchanger tubes and the fins. 

Generally, in the conventional heat exchanger of this 
type, a cut-raised portion has been formed in each of the 



fins through a press working or other process to provide 
enhanced heat exchanger efficiency (see, for example, 
Japanese Patent Laid-Open Publication Nos. 08-291988, 10- 
89875, 10-197182, 10-206056 and 2001-280880) . The cut- 
5 raised portion is typically formed in the region of the fin 
between adjacent ones of the group of heat exchanger tubes 
aligned in a direction perpendicular to the general flow 
direction of the second working fluid outside the heat 
exchanger tubes (see FIG, 17) . The cut-raised portion is 

10 formed such that its two opposite edges disconnected from 
the body of the fin extend in a direction approximately 
perpendicular to the flow direction of the second working 
fluid. If such a cut-raised portion is not formed in the 
fin, a temperature boundary layer will be developed on the 

15 surface of the fin along the flow of the second working 
fluid to hinder the heat transfer between the second 
working fluid and the fin. By contrast, if the cut-raised 
portion is formed, the renewal of the temperature boundary 
layer will be induced to facilitate the heat transfer 

20 between the fin and the second working fluid. 

For example, in case where the plate fin and tube type 
heat exchanger is used in an outdoor unit of an air- 
conditioner, the heat exchanger is likely to be inevitably 
operated under the conditions causing frost buildup thereon. 

25 In such, a case, if the fin is formed with the cut-raised 
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portion, frost will be liable to be created and grown at 
and around the cut-raised portion to block up the space 
between the adjacent fins. 

Thus, in case where this type of heat exchanger is 
used under such conditions, for example, in an outdoor unit 
of an air-conditioner, the cut-raised portion cannot be 
formed in the fin, resulting in deteriorated heat exchange 
efficiency. As measures for obtaining adequate heat 
exchange efficiency in this situation, it is conceivable to 
increase the size of the heat exchanger itself, or to 
increase the speed of a fan to provide an increased flow 
volume of the second working fluid. However, these 
measures involve problems, such as increase in installation 
area, material cost, fan-driving energy and noises. 

Disclosure of Invention 

In view of the above conventional problems, it is 
therefore an object of the present invention to provide a 
plate fin and tube type heat exchanger capable of 
preventing the space between fins from being blocked by 
frost even under the operational conditions causing frost 
buildup, while maintaining adequate heat exchange 
efficiency and compact size. 

In order to achieve this object, the present invention 
provides a heat exchanger of plate fin and tube type 



including a plurality of fins stacked at given intervals to 
one another, and a plurality of heat exchanger tubes 
penetrating the fins in the fin-stacking direction. The 
heat exchanger is designed to perform a mutual heat 
exchange between a fluid inside the heat exchanger tubes 
and another fluid outside the heat exchanger tubes, through 
the heat exchanger tubes and the fins. In this heat 
exchanger, each of the fins is provided with a plurality of 
cut-raised portions. One or more cut-raised portion (s) is 
(are) associated with the corresponding one of the heat 
exchanger tubes, substantially only in a region of the fin 
satisfying the following relationship. 

Ws = (1 - cp) Dp +cp D 

cp > 0.5 

Hereupon, Ws is an entire spread width of the cut- 
raised portion (s) in a direction extending along an end of 
the fin on the upstream side of fluid outside the heat 
exchanger, tubes (hereinafter referred to as "column 
direction") . D is an outer diameter of each of the heat 
exchanger tubes. Dp is an alignment pitch of the heat 
exchanger tubes in the column direction. 

According to the heat exchanger of the present 
invention, the cut-raised portions formed in the fin on the 
upstream side and/or downstream side of the second fluid 
can induce the segmentation or renewal of a temperature 



boundary layer. This allows the heat exchanger to have 
enhanced heat exchanger efficiency and reduced size. 

In addition, a zone formed with no cut-raised portion 
exists in the fin between the heat exchanger tubes aligned 
in the coliainn direction. Thus, in case where the second 
fluid is air, and the heat exchanger is operated under the 
conditions causing frost buildup, even if the space between 
the adjacent fins is blocked in the vicinity of the cut- 
raised portions due to frost buildup, the air can flow 
through the zone with no cut-raised portion so as to 
suppress the reduction in air flow volume of the heat 
exchanger as a whole. Thus, even during the operation 
under the frost-buildup conditions, the heat exchange 
efficiency can be maintained in a high level. The cut- 
raised portion may be formed to extend obliquely relative 
to the column direction, so that the air can be directed 
toward a zone of the fin with no airflow on the downstream 
side of the heat exchanger tube to provide further enhanced 
heat exchange efficiency. 

The cut-raised portion may also be formed in a bridge 
shape. In this case, the outer surface of a leg segment of 
the bridge connected to the body of the fin may be disposed 
in opposed relation to the heat exchanger tube to prevent 
the cut-raised portion from blocking the heat transfer from 
the heat exchanger tube. This allows heat from the heat 
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exchanger tube to be effectively transferred to a region of 
the fin far from the heat exchanger tube- 

Brief Description of Drawings 
5 Other features and advantages of the present invention 

will be apparent from the detailed description and from the 
accompanying drawings. In the accompanying drawings, a 
common element or component is defined by the same 
reference numeral . 
10 FIG. lA is a schematic diagram of a heat exchanger 

according to a first embodiment of the present invention, 
seeing from the side of one of the ends of a heat exchanger 
tube thereof. 

FIG. IB is a sectional view taken along the line A-A 
15 in FIG. lA. 

FIG. 2A is a perspective view of one example of a cut- 
raised portion in the heat exchanger illustrated in FIGS. 
lA and IB. 

FIG. 3 is a graph showing the change in pressure loss 
20 of a heat exchanger relative to a parameter cp (see the 
after-mentioned Formula 1) in the operation of the heat 
exchanger under the condition causing frost buildup. 

FIG. 4A is a schematic diagram of a flat fin type heat 
exchanger in a frost-buildup state. 
25 FIG. 4B is a sectional view taken along the line B-B 



in FIG. 4A. 

FIG- 5A is a schematic diagram of the heat exchanger 
illustrated in FIGS. lA and IB in a frost-buildup state. 

FIG. 5B is a sectional view taken along the line C-C 
in FIG. 5A. 

FIGS. 6A and 6B are graphs showing the change in 
pressure loss relative to the amount of frost buildup in 
case where each of different types of heat exchangers is 
operated under the condition causing frost buildup. 

FIG. 7 is a schematic diagram showing a heat flow 
based on heat conduction in a fin around the heat exchanger 
tubes on the upstream side of a working fluid allowed to 
flow outside the heat exchanger tubes, and the streamline 
of the working fluid, in the heat exchanger illustrated in 
FIGS. lA and IB. 

FIG. 8 is a schematic diagram of one modification of 
the heat exchanger according to the first embodiment of the 
present invention, seeing from the side of one of the ends 
of a heat exchanger tube thereof. 

FIG. 9 is a schematic diagram of a heat exchanger 
according to a second embodiment of the present invention, 
seeing from the side of one of the ends of a heat exchanger 
tube thereof. 

FIG. 10 is a schematic diagram of a heat exchanger 
according to a third embodiment of the present invention. 
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seeing from the side of one of the ends of a heat exchanger 
tube thereof. 

FIG. 11 is a schematic diagram of a heat exchanger 
according to a fourth embodiment of the present invention, 
5 seeing from the side of one of the ends of a heat exchanger 
tube thereof . 

FIG. 12A is a schematic diagram of a heat exchanger 
according to a fifth embodiment of the present invention, 
seeing from the side of one of the ends of a heat exchanger 
10 tube thereof. 

FIG. 12B is a sectional view taken along the line D-D 
in FIG. 12A. 

FIG. 13 is a schematic diagram of a heat exchanger 
according to a sixth embodiment of the present invention, 
15 seeing from the side of one of the ends of a heat exchanger 
tube thereof. 

FIG. 14A is a sectional view taken along the line E-E 
in FIG. 13, which shows a convex-shaped protrusion in the 
heat exchanger illustrated in FIG. 13. 
20 FIGS. 14B and 14C are sectional views showing 

modifications of the protrusion. 

FIG. 15 is a schematic diagram of a heat exchanger 
according to a seventh embodiment of the present invention, 
seeing from the side of one of the ends of a heat exchanger 
25 tube thereof. 



FIG. 16 is a schematic diagram of one modification of 
the heat exchanger according to the seventh embodiment of 
the present invention, seeing from the side of one of the 
ends of a heat exchanger tube thereof. 

FIG. 17 is a schematic diagram of a plate fin and tube 
type heat exchanger as a comparative example, seeing from 
the side of one of the ends of a heat exchanger tube 
thereof. 

Best Mode for Carrying Out the Invention 

With reference to the accompanying drawings, various 
embodiments of the present invention will now be 
specifically described. 
[FIRST EMBODIMENT] 

As. shown in FIGS. lA and IB, a heat exchanger 
according to a first einbodiment of the present invention 
comprises a plurality of fins 1 (FIG. lA shows only one of 
the fins) stacked while leaving a given space therebetween, 
and a plurality of heat exchanger tubes 2 penetrating the 
fins 1 in the stacking direction. Each of the fins 1 is 
formed with plural pairs of cut-raised portions 3 (or 
plurality of cut-raised portion pairs 3) each associated 
with the corresponding one of the heat exchanger tube 2. 
The heat exchanger is designed to perform a heat exchange 
between a first working fluid (e.g. heat transfer medium 
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for air-conditioners) (not shown) allowed to flow inside 
the heat exchanger tubes, and a second working fluid 4 (e.g. 
air) allowed to flow outside the heat exchanger tubes, 
through the fin 1 and the heat exchanger tubes 2. 

In the heat exchanger illustrated in FIGS. lA and IB, 
the plurality of heat exchanger tubes 2 are aligned in a 
given alignment pitch in one direction (hereinafter 
referred to as "column direction) along an ends of the fin 
on the upstream side of the general flow (from left side to 
right side in FIG. 1) of the second working fluid 4 allowed 
to flow outside the heat exchanger tubes (the upstream side 
and the downstream side of the general flow of the second 
working fluid 4 are hereinafter referred to as "upper side" 
and "down side", respectively), and another direction 
(hereinafter referred to as "row direction") perpendicular 
to the column direction. While FIG. lA shows only one line 
of the heat exchanger tubes 2 in the row direction, it is 
understood that two or more lines may be provided. 

The plurality of cut-raised portions 3 are sub-grouped 
into the plural pairs of cut-raised portions 3 each 
disposed on the upper side of the corresponding one of the 
heat exchanger tubes 2. Each of the cut-raised portions 3 
is cut and raised from the body of the fin to form a bridge 
shape which has a leg segment 3a connected to the fin body, 
and a beam segment 3b with two opposite edges disconnected 



from the fin body (hereinafter referred to as "edges" for 
brevity) . . 

FIG. 2 is a perspective view of one example of the 
cut-raised portions 3. In the heat exchanger illustrated 
in FIGS. lA and IB, the upper-side and down-side edges in 
each of the two cut-raised portions 3, or the cut-raised 
portion pair, disposed on the upper side of the 
corresponding heat exchanger tube 2 are inclined inward 
while reducing the distance between the cut-raised portions 
3, ^seeing from the upper side. That is, each of the cut- 
raised portions 3 is disposed to allow the second working 
fluid .4 to inflow from an upper-side opening of the cut- 
raised portion 3. Further, the down-side leg segment 3a of 
the cut-raised portion 3 is formed such that the outer 
surface thereof is disposed in opposed relation to the heat 
exchanger tube 2. For example, these cut-raised portions 3 
are formed by subjecting the fin 1 to press working. As 
described later, a cut-raising inhibition zone 5 (FIG. 1 
shows only one cut-raising inhibition zone 5) exists in the 
fin between two of the heat exchanger tubes adjacent to one 
another in the column direction. 

Each of the heat exchanger tubes 2 of this heat 
exchanger is formed, for example of a metal pipe having an 
outer diameter (pipe diameter) of- 7 mm or 9.52 mm. For 
example, a fin collar for holding the fin through the heat 
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exchanger tubes 2 is formed to have a diameter (fin collar 
diameter) of about (pipe diameter x 1.05 + 0.2 mm). The 
alignment pitch of the heat exchanger tubes 2 in the column 
direction is set, for example, of 20.4 mm or 22 mm. The 
5 alignment pitch of the heat exchanger tubes 2 in the row 
direction is set, for example, of 12.7 mm or 21 mm. It 
should be understood that all of these values are described 
simply by way of example, and the present invention is not 
limited to such values. 
10 A spread width Ws of each of the cut-raised portion 

pairs 3 in the column direction is set to satisfy the 
relationship expressed by the following Formula 1: 

Ws = (1 - (p) Dp +cp D Formula 1 

15 

, wherein:(p > 0.5, 

D is an outer diameter of each of the heat 
exchanger tubes 2; and 

Dp is an alignment pitch of the heat exchanger 
20 tubes in the column direction. 

Thus, the cut-raising inhibition zone 5 exists in the 
fin between two of the heat exchanger tubes adjacent to one 
another in the column direction. Each of the cut-raised 
portion pairs is formed only in a region of the fin which 
25 falls within 130-degree, preferably 90-degree, in the 



central angle of the corresponding heat exchanger tube 
toward the upper side (± 65-degree, preferably ± 45-degree, 
on the basis of an axis passing through the center of the 
corresponding heat exchanger tube and extending in" the row 
direction) , and no cut-raised portion is formed in any 
region other than the above zone. 

The function or action of the heat exchanger according 
to the first embodiment will be described below.. During an 
usual operation of this heat exchanger, the cut-raised 
portions 3 formed in the fins 1 induces the segmentation or 
renewal of the a temperature boundary layer created in the 
second working fluid 4 flowing from the upper side (left 
side in FIG. 1) to provide enhanced heat exchange 
efficiency (heat transfer performance) . During another 
operation of the heat exchanger under the condition causing 
frost buildup, frost is created and grown at and around 
each of the cut-raised portions 3 (hereinafter referred to 
as "vicinity of the cut-raised portion") . In conjunction 
with the frost buildup, a space between the adjacent fins 1 
is gradually reduced and finally blocked up in the vicinity 
of the cut-raised portion. 

However, in this heat exchanger, the cut-raising 
inhibition zone 5 exists in the fin 1, and the amount of 
frost buildup in the cut-raising inhibition zone 5 is 
reduced because the amount of frost buildup is increased in 



the vicinity of the cut-raised portion having high heat 
exchange efficiency. Thus, even if the frost buildup 
causes the reduction or blocking-up of the space between 
the adjacent fins 1 in the vicinity of the cut-raised 
portion, the second working fluid 4 can flow through the 
cut-raising inhibition zone 5 without difficulties. More 
specifically, in response to the reduction in flow volume 
of the second working fluid 4 in the vicinity of the cit- 
raised portion, the flow volume of the second working fluid 
4 in the cut-raising inhibition zone 5 is increased to 
prevent the flow volume of the working fluid 4 from being 
reduced or restricted in terms of the entire heat exchanger 
so as to suppress the deterioration in heat exchange 
efficiency of the heat exchanger. 

The relationship of the aforementioned Formula 1 will 
be described below. Given that, a width of the zone formed 
with no cut-raised portion in the surface region of the fin 
1 between two of the heat exchanger tubes 2 adjacent to one 
another in the column direction is Wf, the Wf is expressed 
by the following Formula 2 using the parameter cp: 

Wf = cp X (Dp - D) Formula 2 

Wf, Ws and Dp have a relationship expressed by the 
following Formula 3: 

Wf + Ws = Dp Formula 3 
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ThuS/ Formula 3 can be transformed as follows: 

Ws = .(1 - (p) Dp +<pD . Formula 4 

FIG, 3 shows the measurement result of the change in 
pressure loss under the condition that the parameter (p is 
5 varied while maintaining frost buildup in the above heat 
exchanger in the same state, by comparing with 
(standardizing using) the corresponding values in fins 
formed with no cut-raised portion (so-called flat fins) . 

FIGS. 4A and 4B show a frost buildup state in flat 
10 fins. As shown in FIGS. 4A and 4B, a frost 6 is primarily 
created along the edge of the f ins - on the upper side to 
cause the increase in pressure loss. 

FIGS. 5A and 5B show a frost buildup state in the fins 
1 with the cut-raised portions 3 according to the first 
15 embodiment. As shown in FIGS. 5A and 5B, in the fins 1 
according to the first embodiment, a frost 6 is created 
along the edge of the fins 1 on the upper side, and inside 
the cut-raised portions 3, to cause the increase in 
pressure loss. 

20 In FIG. 3, Point A (cp = 1) indicates a pressure loss 

in case where the width Ws of the cut-raised pair 3 is 
equal to the outer diameter of the heat exchanger tube 2. 
At Point B (cp = 0.6), a frost 6 is primarily created and 
grown inside the cut-raised portions -3. Thus, the amount 

25 of frost buildup at the edge of the fins 1 is reduced, the 



second working fluid 4 can flow through the cut-raising 
inhibition zone 5 at a lower pressure loss than that in the 
flat fins. Then, the cut-raising inhibition zone 5 is 
gradually narrowed as the parameter <p is further reduced, 
and the value of pressure loss becomes greater than that in 
the flat fins at Pint C (<p = 0.5). Subsequently, the 
pressure loss of the heat exchanger is sharply increased as 
the parameter <p is further reduced. Therefor, the 
parameter cp is preferably set at a value of greater than 
0.5 (cp > 0.5) . 

FIG. 6A shows the change in pressure loss relative to 
the amount of frost buildup in case where each of a flat 
fin type heat exchanger (flat fin type) and the heat 
exchanger according to the first embodiment (first 
embodiment type) is operated under the condition causing 
frost buildup. 

FIG. 6B shows the change in pressure loss relative to 
the amount of frost buildup in case where each of the "heat 
exchanger with the cut-raised portions 3 formed between the 
adjacent heat exchanger tubes 2 in the column direction 
(comparative embodiment type) , and the flat fin type heat 
exchanger (flat fin type) is operated under the condition 
causing frost buildup. 

As seen in FIGS. 6A and 6B, the increase in pressure 
loss in conjunction with progress of frost buildup in the 



heat exchanger according to the first embodiment is 
suppressed at a lower level than that in the flat fin type 
heat exchanger and the heat exchanger illustrated in FIG, 
17. Thus, the flow volume of the working fluid 4 is 
prevented from being reduced or restricted in terms of the 
entire heat exchanger so as to suppress the deterioration 
in heat exchange efficiency of the heat exchanger. 

FIG. 7 is a schematic diagram showing a heat flow 7 
based on heat conduction in the fin 1 around the heat 
exchanger tubes, and the streamline 8 of the second working 
fluid 4, in the heat exchanger illustrated in FIGS. lA and 
IB. As shown in FIG. 1, when heat is introduced from the 
heat exchanger tube 2 to the fin 1, the heat is radially 
transferred or diffused based on heat conduction. In case 
where heat is introduced from the fin 1 to the heat 
exchanger tube 2, the heat is also transferred based on 
heat conduction in the radial direction. That is, in the 
heat exchanger having the cut-raised portions 3 extending 
from the vicinity of the corresponding heat exchanger tube 
2 in the radial direction as shown in FIG. 1, the direction 
of the heat transfer based on heat conduction around the 
heat exchanger tube approximately, matched with the 
direction along which the heat exchanger tube 3 extends. 
Thus, the cut-raised portions 3 never hinder the heat 
transfer based on heat conduction in the fin 1 around the 
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heat exchanger tube is not. This allows the heat transfer 
from the heat exchanger tubes 2 to the fin 1 based on heat 
conduction, or the heat transfer from the fin 1 to the heat 
exchanger tubes 2 based on heat conduction, to be smoothly 
5 performed so as to provide an increased amount of heat 
transfer in the fin. 

As shown in FIG. 8, instead of extending radially 
relative to the heat exchanger tube 2, the cut-raised 
portion 3 may be formed to extend obliquely relative to the 

10 column direction while allowing the outer surface of the 
leg segment 3a on the side of the heat exchanger tube to be 
disposed in opposed relation to the heat exchanger tube. 
In this case, the transfer path for the heat transfer from 
the heat exchanger tubes 2 to the fin 1 based on heat 

15 conduction, or the heat transfer from the fin 1 to the heat 
exchanger . tubes 2 based on heat conduction, can also be 
assured. Thus, the amount of heat transfer in the fin can 
be increased. 

The leg segments 3a of the cut-raised portion pair 3 
20 also acts to divided the flow of the second working fluid 4 
into two sub-flows on the upper side of the heat exchanger 
tubes 2, in such a manner that each of the sub- flows is 
inclined relative to the general flow direction (from left 
side to right side in FIG. 7) of the second working fluid 4 
25 or in a direction getting away from the corresponding heat 



exchanger tube 2. Consequently, the two sub-flows of the 
second working fluid 4 distributed on both sides of the 
corresponding heat exchanger tube 2 are led toward the 
regions of the fin between the corresponding heat exchanger 
2 and each of the two heat exchanger tubes adjacent thereto 
in the column direction, respectively. Thus, the flow of 
the second working fluid 4 on the entire surface of the fin 
is uniformed so that the effective heat transfer area of 
the fin 1 can be increased. 

In addition, the respective edges of the pair of the 
cut-raised portion 3 are inclined inward to get close to 
one another, seeing from the upper-side edge of the fin 1, 
as described above. Thus, each of the two sub-flows of the 
second working fluid 4 enters from the opening defined by 
the edge of the cut-raised portion 3 into the cut-raised 
portion 3. This provides an enhanced effect of the cut- 
raised portion 3 on the segmentation or renewal of the 
temperature boundary layer to improve the heat exchange 
efficient (heat transfer coefficient) of the heat exchanger. 
Further, the cut-raised portion 3 extending radially 
relative to the corresponding heat exchanger tube 2 allows 
each of the two sub-flows of the second working fluid 4 to 
enters into the corresponding cut-raised portion 3 in a 
direction approximately orthogonal to the edge of the cut- 
raised portion 3 to maximize the effect of the cut-raised 



portion 3 on the segmentation or renewal of the temperature 
boundary layer. 

While not illustrated, it is understood that even if 
the cut-raised portion pairs 3 are formed around the 
corresponding heat exchanger tubes on the down side, the 
heat transfer from the heat exchanger tubes 2 to the fin 1 
based on heat conduction, or the heat transfer from the fin 
1 to the heat exchanger tubes 2 based on heat conduction, 
can be smoothly performed, and the effect of the cut-raised 
portion 3 on the segmentation or renewal of the temperature 
boundary layer can be enhanced, in principle, as in the 
cut-raised portion pairs 3 formed around the corresponding 
heat exchanger tubes on the upper side. 

As above, in the heat exchanger according to the first 
embodiment of the present invention, during the usual 
operation, the cut-raised portion pair 3 formed in the fin 
on the upper or down side of the heat exchanger tube 2 
facilitates. heat transport (heat transfer) between the fin 
1 and the second working fluid 4 to provide enhanced heat 
exchange efficiency. This allows the heat exchanger to be 
reduced in size. During the operation under the conditions 
causing frost buildup, even if frost buildup causes the 
blocking-up (clogging) of the space between the adj.acent 
fins 1 in the vicinity of the cut-raised portion, the 
second working fluid 4 can flow through the cut-raising 



inhibition zone 5 formed with no cut-raised portion to 
suppress the reduction in flow volume of the second working 
fluid 4 in terms of the entire heat exchanger. Thus, the 
heat exchange efficiency can be adequately maintained even 
during the operation under the frost-buildup conditions. 

The cut-raised portion 3 with the edges extending 
obliquely relative to the column direction can divide the 
flow of the second working fluid 4 around the corresponding 
heat exchanger tube 2 into two sub-flows, and direct the 
two sub-flows toward the fin regions between the 
corresponding heat exchanger tube 2 and each of the two 
heat . exchanger tubes 2 adjacent thereto in the column 
direction. This provides uniformed flow of the second 
working fluid 4 on the entire surface of the fin, and 
increased effective heat transfer area of the fin 1. Thus, 
the heat exchange efficiency of the heat exchanger is 
enhanced. Further, the edge of the cut-raised portion 3 is 
disposed approximately orthogonally to or in opposed 
relation to the flow of the second working fluid 4 to 
enhance the effect of the segmentation or renewal of the 
temperature boundary layer so as to facilitate heat 
transfer. Furthermore, the path of heat transfer from the 
heat exchanger tube 2 to the fin 1 based on heat conduction 
can be assured. Thus, the amount of heat transfer in the 
fin can be increased in the vicinity of the cut-raised 
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portion to provide increased heat exchange energy in the 
entire heat exchanger. 
[SECOND EMBODIMENT] 

With reference to FIG. 9, a second embodiment of the 
present invention will be described. A heat exchanger 
according to the second embodiment has a lot of common 
structures as those of the heat exchanger according to the 
first embodiment illustrated in FIGS. lA to 7. For 
avoiding duplicate descriptions, the following description 
will be made by primarily focusing on different points from 
the first embodiment. In FIG. 9, a common element or 
component to that of the heat exchanger illustrated in FIG. 
lA is defined by the same reference numeral. 

As shown in FIG. 9, fundamentally as with the first 
embodiment, the heat exchanger according to the second 
embodiment comprises a plurality of fins 1, a plurality of 
heat exchanger tubes 2, a plurality of cut-raised portions 
3, and a plurality of cut-raising inhibition zones 5 (FIG. 
9 shows only one of the cut-raising inhibition zones 5) . 
The heat exchanger also be designed to perform a heat 
exchange between a first working fluid (not shown) allowed 
to flow inside the heat exchanger tubes, and a second 
working fluid 4 allowed to flow outside the heat exchanger 
tubes, through the fins 1 and the heat exchanger tubes 2. 

Differently from the first embodiment, two cut-raised 



portion pairs (four cut-raised portions 3 in total) each 
fundamentally having the same structure as that of the cut- 
raised portion pair in the first embodiment are formed in 
the fin on the upper side of the corresponding one of the 
heat exchanger tubes 2 associated therewith, while being 
slightly spaced apart from one another in the row direction. 

Other structures or arrangements are the same as those 
in the first embodiment. 

The above heat exchanger according to the second 
embodiment can fundamentally bring out the same functions 
and effects as those in the first embodiment: In addition, 
the two cut-raised portion pairs 3 each fundamentally 
having the same structure as that of the cut-raised portion 
pair in the first embodiment are associated with the 
corresponding one of the- heat exchanger tubes 2- Thus, the 
cut-raised portion pairs can provide enhanced heat exchange 
efficiency (heat transfer performance) during initial 
operation or usual operation. 

While the second embodiment employs thie two cut-raised 
portion pairs formed in the fin on the upper side of the 
corresponding heat exchanger tube 2 while being spaced 
apart from one another in the row direction, the number of 
the cut-raised portion pairs may be three or more. 
[ THIRD EMBODIMENT] 

With reference to FIG. 10, a third embodiment of the 



present invention will be described. A heat exchanger 
according to the third embodiment has a lot of common 
structures as those of the heat exchanger according to the 
first embodiment illustrated in FIGS. lA to 7. For 
avoiding duplicate descriptions, the following description 
-will be made by primarily focusing on different points from 
the first embodiment. In FIG. 10, a common element or 
component to that of the heat exchanger illustrated in FIG. 
lA is defined by the same reference numeral. 

As shown in FIG. 10, fundamentally as with the first 
embodiment, the heat exchanger according to the third 
embodiment comprises a plurality of fins 1, a plurality of 
heat exchanger tubes 2, a plurality of cut-raised portions 
3, and a plurality of cut-raising inhibition zones 5 (FIG. 
10. shows only one of the cut-raising inhibition zones 5) , 
The heat exchanger also be designed to perform a heat 
exchange between a- first working fluid (not shown) allowed 
to flow inside the heat exchanger tubes, and a second 
working fluid 4 allowed to flow outside the heat exchanger 
tubes, through the fins 1 and the heat exchanger tubes 2. 

Differently from the first embodiment, each of the 
cut-raised portions 3 has a leg segment 3a with opposite 
ends (hereinafter referred to as "side end") each connected 
to the body of the fin, and at least the upper-side one of 
the side edges is formed to extend in parallel with the row 
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direction. 

Other structures or arrangements are. the same as those., 
in the first embodiment. 

The -above heat exchanger according to the third 
embodiment can fundamentally bring out the same functions 
and effects as those in the first embodiment. In addition, 
at least one of the side edges of the leg segment 3a of the 
cut-raised portion 3 is formed in' parallel with the flow 
direction of the second working fluid 4. Thus, the 
pressure loss to be caused by the collision between the 
second working fluid 4 and the leg segment 3a of the cut- 
raised portion 3 can be minimized to allow the flow volume 
of the second working fluid to be desirably increased. 
[FOURTH EMBODIMENT] 

With reference to FIG. 11, a fourth, embodiment of the 
present invention will be described. A heat exchanger 
according to the fourth embodiment has a lot of common 
structures as those of the heat exchanger according to the 
first embodiment illustrated in FIGS. lA to 7. For 
avoiding duplicate descriptions, the following description 
will be made by primarily focusing on different points from 
the first embodiment. In FIG. 11, a common element or 
component to that of the heat exchanger illustrated in FIG. 
lA is defined by the same reference numeral. 

As shown in FIG. 11, fundamentally as with the first 



embodiment, the heat exchanger according to the fourth 
embodiment comprises a plurality of fins 1, a plurality of 
heat exchanger tubes 2, a plurality of cut-raised portions 
3, and a plurality of cut-raising inhibition zones 5 (FIG. 
5 * 11 shows only one of the cut-raising inhibition zones 5) . 
The heat exchanger also be designed to perform a heat 
exchange between a first working fluid (not shown) allowed 
to flow' inside the heat exchanger tubes, and a second 
working fluid 4 allowed to flow outside the heat exchanger 

10 tubes, through the fins 1 and the heat exchanger tubes 2. 

Differently from the first embodiment, in each of the 
fins 1, two cut-raised portion pairs (four cut-raised 
portions 3 in total) each fundamentally having the same 
structure as that of the cut-raised portion pair in the 

15 first embodiment are formed, respectively, on both the 
upper and down sides of the corresponding one of the heat 
exchanger tubes 2. Preferably, the two cut-raised portion 
pairs formed on the upper and down sides are disposed 
symmetrically with respect to an axis connecting the 

20 .respective centers of the plurality of heat exchanger tubes 
2 aligned in the column direction. 

Other structures or arrangements are the same as those 
in the first embodiment. 

The above heat exchanger according to the fourth 

25 embodiment can fundamentally bring out the same functions 



27 



and effects as those in the first embodiment. In addition, 
the two cut-raised portion pairs each fundamentally having 
the same structure as that of the cut-raised portion pair 
in the first embodiment are formed, respectively, on both 
5 the upper and down sides of the corresponding one of the 
heat exchanger tubes 2. Thus, in a press working for 
forming the two cut-raised portion pairs in a fin material, 
the deformation of the fin body can be reduced to 
- facilitate manufacturing processes, such as an operation of 
10 stacking the fins. 

[FIFTH EMBODIMENT] 

With reference to FIGS. 12A and 12B, a fifth 
embodiment of the present invention will be described. A 
heat exchanger according to the fifth embodiment has -a lot 
15 of common structures as those of the heat exchanger 
according to the first embodiment illustrated in FIGS. lA 
to 7. For avoiding duplicate descriptions, the following 
description will be made by primarily focusing on different 
points from the first embodiment. In FIG. 12A, a common 
20 element or component to that of the heat exchanger 
illustrated in FIG. lA is defined by the same reference 
numeral. 

As shown in FIG. 12A, fundamentally as with the first 
embodiment, the heat exchanger according to the fifth 
25 embodiment comprises a plurality of fins 1, a plurality of 
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heat exchanger tubes 2, a plurality of cut-raised portions 
3, and a plurality of cut-raising inhibition zones 5 (FIG. 
12A shows only one of the cut-raising inhibition zones 5) . 
The heat exchanger also be designed to perform a heat 
exchange between a first working fluid (not shown) allowed 
to flow inside the heat exchanger tubes, and a second 
working fluid 4 allowed to flow outside the heat exchanger 
tubes, through the fins 1 and the heat exchanger tubes 2. 

Differently from the first embodiment, each of the 
cut-raised portions 3 is formed to have a shape raised 
alternately vertically (in the longitudinal direction of 
the heat exchanger tubes) on the basis of the spread 
surface of the fin 1 (fin-space surface) or the body of the 
fin 1. More specifically, each of the cut-raised portions 
3 is composed of an upper-side segment, an intermediate 
segment, and a down-side segment. The upper-side segment 
and the down-side segment are raised to be located on the 
underside of the spread surface of the fin 1, and the 
intermediate segment raised to be located above the spread 
surface of the fin 1. Other structures or arrangements are 
the same as those in the first embodiment. FIG. 12 is a 
sectional view of one example of the cut-raised portion 3, 
taken along the line D-D in FIG. 12A. 

Generally, in a process of incorporating a heat 
exchanger in a certain unit, it is required to subject the 
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heat exchanger to a bending process before instruction, in 
some cases- In the heat exchanger according to the fifth 
embodiment, each of the cut-raised portions has a shape 
raised alternately vertically, which serves as a structure 
5 supporting a load during the bending process by the contact 
points between the vertical face of the cut-raised portion 
and the surface of the fin 1. Thus, in the process of 
bending the heat exchanger in conformity to the shape of 
the unit, the deformation or slanting of the fin 1 can be 
10 suppressed to prevent the occurrence of damages in 
appearance and performance. It is obvious that the above 
heat exchanger according to the fifth embodiment can 
fundamentally bring out the same functions and effects as 
those in the first embodiment. 
15 . [SIXTH EMBODIMENT] 

. With reference to FIG. 13, a sixth . embodiment of the 
present invention will be described. A heat exchanger 
according to the sixth embodiment has a lot of common 
structures as those of the heat exchanger according to the 
20 first embodiment illustrated in FIGS.. lA to 7. For 
avoiding duplicate descriptions, the following description 
will be made by primarily focusing, on different points from 
the first embodiment. In FIG. 13, a common element or 
component to that of the heat exchanger illustrated in FIG. 
25 lA is defined by the same reference numeral. 
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As shown in FIG- 13, fundamentally as with the first 
embodiment, the heat exchanger according to the sixth 
embodiment comprises a plurality of fins 1, a plurality of 
heat exchanger tubes 2, a plurality of cut-raised portions 
3, and a plurality of cut-raising inhibition zones 5 (FIG. 
13 shows only one of the cut-raising inhibition zones 5) . 
The heat exchanger also be designed to perform a heat 
exchange between a first working fluid (not shown) allowed 
to flow inside the heat exchanger tubes,- and a second 
working fluid 4 allowed to flow outside the heat exchanger 
tubes, through the fins 1 and the heat exchanger tubes 2. 

Differently from the first embodiment, each of the 
fins 1 in the sixth embodiment is formed with a convex- 
shaped protrusion 9 continuously extending in the column 
direction. The convex-shaped protrusion 9 may be formed, 
for example, through press working. FIGS. 14B and 14B are 
sectional views showing modifications of the protrusion. 

The above heat exchanger according to the sixth 
embodiment can fundamentally bring out the same functions 
and effects as those in the first embodiment. In addition, 
the convex-shaped protrusion can provide a larger heat 
transfer area to the fin 1, and a higher strength to reduce 
the deformation of the fin so as to achieve the speeding-up 
in the process of stacking the fins 1. 
[SEVENTH EMBODIMENT] 
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With reference to FIG. 15, a seventh embodiment of the 
present invention will be described. A heat exchanger 
according to the seventh embodiment has a lot of common 
structures as those of the heat exchanger according to the 
first embodiment illustrated in FIGS. lA to 7. For 
avoiding duplicate descriptions, the following description 
will be made by primarily focusing on different points from 
the first embodiment. In FIG. 15, a common element or 
component to that of the heat exchanger illustrated in FIG. 
lA is defined by the same reference numeral. 

As shown in FIG. 15, fundamentally as with the first 
embodiment, the heat exchanger according to the seventh 
embodiment comprises a plurality of fins 1, a plurality of 
heat exchanger tubes 2, a plurality of cut-raised portions 
3, and a plurality of cut-raising inhibition zones 5 (FIG. 
13 shows only one of the cut-raising inhibition zones 5) . 
The heat exchanger also be designed to perform a heat 
exchange between a first working fluid (not shown) allowed 
to flow inside the heat exchanger tubes, and a second 
working fluid 4 allowed to flow outside the heat exchanger 
tubes, through the fins 1 and the heat exchanger tubes 2. 

Differently from the first embodiment, in the two 
edges in each of the cut-raised portions 3, one of the 
edges located closer to the upper side end of the fin 1 has 
a length greater than that of the other edge, and the cut- 
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raised portion 3 has a trapezoidal shape, seeing from the 
top surface of the fin, 1 Other structures or arrangements 
are the same as those in the first embodiment. 

The above heat exchanger according to the seventh 
embodiment can fundamentally bring out the same functions 
and effects as those in the first embodiment. In addition, 
the edge located closer to the upper side end of the fin 1 
has a larger length. Thus, this edge of the fin 1 can 
facilitate heat transfer to provide enhanced heat exchange 
efficiency- Further, the trapezoidal-shaped fin has a 
longer base. Thus, the heat flow from the heat exchanger 
tube 2 to the cut-raised portion 3 is increased to provide 
further enhanced heat exchange efficiency. 

As shown in FIG. 16, a convex-shaped protrusion 9 may 
be formed in the fin 1. In this case, even if only a 
limited space exists between the upper-side end of the fin 
1 and the heat exchanger tube 2, the area of the fin 1 can 
be sufficiently to improve the heat exchange efficiency. 

While the present invention has been described in 
conjunction with . specific embodiments, various 
modifications and alterations will become apparent to those 
skilled in the art. Therefore, it is Intended that the 
present invention is not limited to the illustrative 
embodiments herein, but only by the appended claims and 
their equivalents. 
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Industrial Applicability 

As mentioned above, the plate fin and tube type heat 
exchanger according to the present invention is useful as a 
heat exchanger to be used under the conditions causing 
frost buildup, and suitable particularly as a condenser for 
air-conditioners . 



